Aim: Little is known about the epidemiology of fatty liver disease (FLD) among high-risk primary care subjects in Kazakhstan. We investigated the prevalence of FLD (alcoholic liver disease [ALD] and non-alcoholic fatty liver disease [NAFLD]) and abnormal liver function tests (LFTs) in high risk adults in Kazakhstan during their routine visit to the general practitioner. Methods: This multicenter, cross-sectional epidemiological study was carried out at 75 clinical sites in the Republic of Kazakhstan. The full analysis set population consisted of 5109 subjects. Results: Among type 2 diabetes mellitus (T2DM) subjects, established metabolic syndrome (MetS) and/or obese subjects, the prevalence of FLD was 30.8%. LFT abnormalities were found in 53.2% subjects with FLD and 40.0% without FLD. FLD subjects had significantly higher levels of alanine transaminase (ALT; p < 0.001), aspartate transaminase (AST; p < 0.001), serum total bilirubin (STB; p < 0.001), and gamma-glutamyl transpeptidase (GGT; p = 0.021) compared to those without FLD. LFTs increases were significantly higher in subjects with FLD compared to those without FLD and were also significantly higher in ALD subjects compared to those with NAFLD. Conclusion: This study provides insights into the prevalence of FLD and abnormal LFTs in subjects with T2DM and/or established MetS and/or who are obese in primary care settings in Kazakhstan. These findings can help healthcare providers in Kazakhstan and elsewhere to better recognize and manage patients at risk of liver disease, which will improve clinical outcomes.
Introduction
The incidence of liver disease is rising throughout the world and primary care practitioners are commonly faced with the scenario of a rising incidence of abnormal liver function tests (LFTs) in patients in whom there are no clinical risks, signs or symptoms of liver disease [1] [2] . The incidence of liver disease is rising throughout the world due to alcohol consumption and a range of other lifestyle factors [1] .
NAFLD occurs worldwide and is the most common liver disorder in Western industrialized countries, where the major risk factors for NAFLD (central obesity, T2DM, dyslipidemia, and MetS) are common [1] [3] [4] . With a prevalence of 14% -34%, NAFLD is recognized as the most common cause of hepatic dysfunction in the general population [1] [5] [6] . NAFLD comprises a histopathological disease spectrum from bland steatosis to non-alcoholic steatohepatitis (NASH) with significant inflammation and fibrosis, progressing to cirrhosis in approximately 20% of patients with NASH [6] . Increased body mass index (BMI), metabolic syndrome, increased fasting blood glucose, and serum triglycerides are potentially strong indicators of NAFLD [7] . Due to the indolent asymptomatic nature of NAFLD, identifying individuals with advanced disease in whom specific interventions may be required remains a clinical challenge in primary care [1] . The management of NAFLD consists of treating liver disease as well as associated metabolic co-morbidities such as obesity, hyperlipidemia, insulin resistance and T2DM [8] .
Alcoholic liver disease (ALD) encompasses a broad spectrum of liver injury, ranging from simple steatosis to alcoholic hepatitis, chronic hepatitis with hepatic fibrosis, and cirrhosis [6] [9] [10] . Patients with established MetS, T2DM, overweigh/obese patients can be considered to be at high risk for FLD and development of hepatic dysfunction.
As no available official statistical data currently exists on the prevalence of FLD and abnormal LFTs (especially in terms of IHC) in the Kazakhstan population, there is a clear need for an appropriate epidemiological investigation.
More than half of Kazakhstan's population is overweight and obese [11] [12] .
According to the Kazakh National Diabetes Register there are about 225,618 subjects with type 2 diabetes mellitus (T2DM) and every year the number of subjects increased by 1.8% [13] . Alcohol consumption among adults in 2005 was 6.2 liters of pure alcohol per person per year, which is relatively high (i.e. Uzbekistan: 1.8 liters) [14] . These conditions are known risk factors for developing FLD.
The awareness of general practitioners (GPs) and vigilance with regards to fatty liver disease (FLD) and hepatic dysfunction is crucial in identifying subjects with alcoholic liver disease (ALD)/NAFLD and intrahepatic cholestasis (IHC).
Very little is known about the epidemiology of FLD among high-risk primary care subjects in the Republic of Kazakhstan. To the best of our knowledge, this is the largest, most detailed and comprehensive epidemiological study of FLD per-
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formed to date in Kazakhstan. It is hoped that the findings of this study help to increase the awareness of the prevalence of FLD and signs of cholestasis in patients with T2DM, obesity or metabolic syndrome (MetS), to help identify those at high risk for liver disease, and to optimize clinical management and long-term outcomes for these patients.
Methods

Study Objectives
The primary objective was to investigate the prevalence of FLD (i.e. ALD and NAFLD) and LFTs in a high-risk population of adults in Kazakhstan during their visit to the GP office.
The study also aimed to describe the profile of subjects in ALD/NAFLD and non-ALD/NAFLD groups, to describe abnormal LFT findings and their elevation in ALD/NAFLD and non-ALD/NAFLD. The study also sought to determine the proportion of subjects with IHC in ALD/NAFLD and non-ALD/NAFLD groups, and to make a comparison of the number of subjects with IHC based on the European Association for the Study of the Liver (EASL) criteria and simplified criteria. Finally, the study aimed to identify the risk factors for ALD/NAFLD and IHC.
Methodology
This was a cross-sectional (without follow-up), non-interventional, multicenter study without any investigational medicinal product or control groups, with the involvement of physicians (i.e. GPs) in outpatient clinics. Subjects attending a clinical visit, aged 18 years and older, and who fulfilled the selection criteria, were offered the opportunity to participate in the study, which was conducted between 2014-2015.
Diagnosis and Main Criteria for Inclusion and Exclusion
Main study inclusion criteria were; adults aged 18 years and older (male, female); provided written authorization (consent) to the physician to use and/or disclose personal and/or health data; subjects who have the following condition(s) and for whom the physician considers to check the liver function T2DM and/or established MetS and/or obese subjects (BMI ≥ 30 kg/m 2 ). The main exclusion criteria were: subjects with known (diagnosed) cholestasis of any cause, and female subjects who were pregnant at the time of presentation to the GP. Table 1 details the FLD and co-morbidity definitions utilized in this study. ALD diagnosis criteria The same as NAFLD, but with excessive alcohol consumption.
Statistical Methods
Abnormalities in LFTs
Deviations of LFT (ALT, AST, AP, GGT) and STB values were determined in relation to the value of ULN for each study site. The increase of at least one unit from ULN taking with reference values for each site was defined as "deviation". For ALT and AST, the deviation up to one ULN, 1 -5 ULN have been calculated. For AP, GGT and STB, elevation by 1.5, 1.5 -2; >2 fold from ULN have been calculated.
IHC based on the EASL criteria Elevated AP levels higher than 1.5 ULN and GGT levels > 3 ULN with or without clinically present symptoms or signs with excluded extrahepatic cholestasis at least via abdominal US.
IHC based on the simplified criteria Any elevation of AP and GGT; with or without elevation of STB; with or without clinically present symptoms or signs with excluded extrahepatic cholestasis at least via abdominal US.
MetS diagnosis criteria
Central ( variable frequency (95% CI according to the method Sison and Glaz) were calculated. Study variables were calculated from the corresponding population without missing data. A comparison of the number of patients with IHC based on the EASL criteria and with IHC based on the simplified criteria, as well as other categorical variables was performed using the 2-sided Chi-square test. A comparison of quantitative variables was performed using the 2-sided t-test for independent samples. To assess risk factors for ALD/NAFLD and IHC, multivariate analysis of binary logistic regression, with the inclusion as independent factors and covariates of demographic, anthropometric indices, and the characteristics of a pathological condition (such as age, waist circumference, BMI) was performed.
Results
The study enrolled 5391 subjects. Following exclusions, the full analysis set (FAS) consisted of 5109 subjects. The FAS population consisted of 5109 subjects Table 2 .
Details of the overall population with FLD (ALD/NAFLD) are presented in T2DM was diagnosed in 41.2% subjects (2071/5022) in the overall population; 40.5% (629/1554) subjects in FLD subjects and in 41.6% (1441/3460) of without FLD subjects; 41.3% (620/1500) in the Total NAFLD group and 16.7% (9/54) FLD subjects had statistically significantly higher levels of ALT (p < 0. 
Comparisons between Groups
Subjects with FLD when compared to subjects without FLD had statistically sig- IHC based on the EASL criteria was diagnosed in only 0.6% of subjects (12/2178) in the overall population; in 0.4% subjects (3/851) in FLD subjects (all from the Total NAFLD group [0.4%, 3 of 822]) and in 0.7% (9/1320) of those without FLD. No subject in the Total ALD group had IHC based on the EASL criteria. IHC based on simplified criteria was diagnosed in 11.1% of subjects (242/2178) in the overall population; in 18.1% subjects (154/851) with FLD and in 6.7% (881/320) without FLD; in 17.5% (144/822) in the Total NAFLD group and in 34.5% (10/29) in the Total ALD group. The number of subjects with IHC diagnosed based on the EASL criteria and the number of subjects with IHC diagnosed based on simplified criteria were statistically different (p < 0.001). Pathology according to liver ultrasound was found in 75.0% (9/12) of subjects with IHC diagnosed based on EASL criteria and in 97.1% (235/242) of subjects with IHC diagnosed based on simplified criteria. In the overall population, liver pathology at ultrasound was found in 95.4% subjects (4875/5109); in 100.0% (1572) of all FLD subjects and in 93.4% of subjects (3295/3529) without FLD.
Binary logistic regression was developed for determination of possible risk factors of ALD, NAFLD and IHC. The following predictors were determined:
Positive predictors of NAFLD  Increased waist circumference (p < 0.001; odds ratio [OR] = 1.010; 95% con-
Discussion
This epidemiological investigation helps address the paucity of official statistical data available on the prevalence of FLD and abnormal LFTs (especially in terms of IHC) in the Kazakhstan population. The study provides considerable insight into the prevalence of FLD, NAFLD, ALD, and abnormal LFTs in subjects with T2DM and/or established MetS and/or obese in a primary care setting in Kazakhstan. It demonstrates the necessity to screen high-risk subjects for FLD at the GP level; this includes subjects with evidence of insulin resistance, MetS and metabolic risk factors, such as obesity.
The rate of any FLD in this population was 30.8% (of NAFLD 29.7%; of ALD 1.1%). The rate of any abnormalities in LFTs was 44.1%; it was higher those with FLD (53.2%) and lower in those without FLD (40.0%). Demographic data were similar between study groups, except for gender distribution. In total ALD subjects, 87.0% were male. The majority of subjects (about 65%) consumed ≤1 alcoholic drink per day. Only 9.7% of subjects consumed alcohol in excessive amounts (defined as ≥3 drinks per day); of these subjects, ALD was considered in 36%.
Evaluation of LFT abnormalities showed that subjects with ALD were characterized by the highest level of biochemical parameters. Normal biochemical parameters (less than upper limit of normal ranges) varied from 7.7% to 40.0% in this group, whereas in the overall population 68.2% to 84.0% of subjects had normal biochemical parameters.
IHC diagnosed based on EASL criteria were found to be quite rare with only 0.6% of subjects identified. Interestingly, the number of subjects with IHC diagnosed based on EASL or simplified criteria were significantly different. IHC diagnosed based on simplified criteria was found in 11.1% subjects; this proportion was higher in FLD subjects (18.1%) and lower in those without FLD (6.7%). Most subjects with IHC based on EASL (75.0%) and simplified criteria (97.1%) had pathology demonstrated by liver ultrasound.
Possible risk factors for NAFLD, ALD or IHC were determined using binary logistic regression. Predictors for IHC diagnosed based on simplified criteria were male gender, waist circumference, BMI, MetS, and fatigue (as a symptom of IHC). Models of logistic regression for IHC based on EASL criteria could not be developed properly due to a small number of cases included in the analysis.
The principle finding of this study was that among Kazakh adult subjects with Open Journal of Epidemiology [15] . In addition, ALD was considered the foremost health risk in developing countries and ranks third in developed countries [16] . Liver disease prevalence results reported here for this Kazakh population are similar to those reported in other global regions;
although the level of ALD may be lower than anticipated, possibly due to study limitations. Abnormal LFTs were found in just over half of subjects with FLD and in 40.0% of those without FLD. The demographic and clinical profiles of the subjects were typical for subjects with MetS, obesity and other risk factors for FLD, and reflect the nature of each disease (NAFLD, ALD, absence of FLD). Abnormal LFTs were more common in subjects within the FLD group than in subjects without FLD; elevation of AP was found twice as often, elevation of ALT and SBT was 1.5 times more often, and elevation of AST and GGT was 1.3 times more often. The majority of subjects in both FLD and non-FLD groups had increased LTFs by 1.5 ULN. The proportion of subjects with abnormalities in biochemical parameters was statistically significantly higher in the FLD group compared to those without FLD, and similarly, was statistically significantly higher in the Total ALD group compared to those in the Total NAFLD group.
It is interesting to note that in primary care settings, ALT, AST, and STB are used almost twice as often as GGT and AP for assessment of liver function. Data were available for STB in 86.1% of subjects whereas data for GGT was available in just 44.4%.
IHC was more frequently diagnosed based on simplified criteria than based on the EASL criteria. It should be noted that the EASL criteria for IHC are mostly applicable for primary cholestatic diseases and, probably, not appropriate for secondary IHC diseases such as NAFLD or ALD. Possible risk factors were determined for NAFLD, ALD and IHC; many of them are related to MetS. IHC was also associated with male gender and fatigue. Ultrasonography signs of liver pathology were found in 95.4% of enrolled subjects.
The main limitation of our study may be the small number of valid cases in particular study groups, most notably in the number of subjects identified as having ALD and subjects with IHC. All study variables were analyzed using valid cases, without replacing missing data, and the valid percent was calculated. In addition, due to the observational design, many data were absent for some variables (up to 50% of the sample size); therefore, such data should be interpreted with caution.
The present study strongly suggests that at-risk subjects should undergo di- [17] . It is hoped that this study will enable healthcare providers in Kazakhstan to better recognize and manage subjects at risk of liver disease, which will result in improved clinical outcomes.
